Abstract-In this paper we propose minimum mean squared error of intracell interference and suppression of the remaining other-(MMSE) iterative successive parallel arbitrated decision feedback (DF) re-cell interference, and provides, in general, uniform performance ceivers for direct sequence code division multiple access (DS-CDMA) sys-over the user population even though it is more sensitive to ertems. We describe the MMSE design criterion for DF multiuser detectors along with successive, parallel and iterative interference cancellation ror propagation. The multistage or iterative DF schemes prestructures. A novel efficient DF structure that employs successive cancella-sented in [14], [15] are based on the combination of S-DF and tion with parallel arbitrated branches and a near-optimal low complexity P-DF schemes in multiple stages in order to refine the symbol user ordering algorithm are presented. The proposed DF receiver structure and the ordering algorithm are then combined with iterative cascaded estimates, resulting in improved performance over conventional DF stages for mitigating the deleterious effects of error propagation. Sim-S-DF, P-DF and mitigation of error propagation.
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ulation results for an uplink scenario with uncoded and convolutionally en- In this work, we propose the design of MMSE DF detectors coded systems assess the new iterative DF detectors against linear receivers ' and evaluate the effects of error propagation of the new cancellation meth that employ a novel successive parallel arbitrated DF (SPA-DF) ods against existing schemes. structure based on the generation of parallel arbitrated branches.
The motivation for the novel DF structures is to mitigate the ef-I. INTRODUCTION fects of error propagation often found in P-DF structures [13] , [14] , [15] . The basic idea is to improve the S-DF structure using Multiuser detection has been proposed as a means to sup-different orders of cancellation and then select the most likely press multi-access interference (MAI), increasing the capacity estimate. A near-optimal user ordering algorithm is described and the performance of CDMA systems [1] . The optimal mul-for the new SPA-DF detector structure and compared with the tiuser detector of Verdu [2] suffers from exponential complexity optimal user ordering algorithm, which requires the evaluation and requires the knowledge of timing, amplitude and signature of K! different cancellation orders. The results in terms of sequences. This fact has motivated the development of vari-performance show that the SPA-DF structure with the subopous sub-optimal strategies: the linear [3] and decision feedback timal ordering algorithm can achieve a performance very close (DF) [4] receivers, the successive interference canceller [5] and to that of the S-DF with optimal ordering. Furthermore, the new the multistage detector [6] . Recently, Verdu and Shamai [7] and SPA-DF scheme is combined with iterative cascaded DF stages, Rapajic et al. [8] have investigated the information theoretic where the subsequent stage uses S-DF, P-DF or the new SPA-DF trade-off between the spectral and power efficiency of linear and system to refine the symbol estimates of the users and combat non-linear multiuser detectors in synchronous AWGN channels. the effects of error propagation. These works have shown that given a sufficient signal to noise The paper is structured as follows. Section II briefly describes ratio and for high loads (the ratio of users to processing gain the DS-CDMA system model. The MMSE DF receiver filters close to one), DF detection has a substantially higher spectral are described in Section III. Section IV is devoted to the novel efficiency than linear detection. For uplink scenarios, DF struc-SPA-DF scheme, the near-optimal user ordering algorithm and tures, which are relatively simple and perform linear interfer-the combination of the SPA-DF detector with iterative cascaded ence suppression followed by interference cancellation, provide DF stages. Section V presents and discusses the simulation resubstantial gains over linear detection. 
Studies on decorrelator DF detectors with optimal user ordering k=1 have been reported in [11] for imperfect feedback and in [12] K (1) for perfect feedback. The problem with the optimal ordering K algorithms in [11] , [12] is that they represent a very high com-= E (KAkbk(z)Pk(z) + r/k(i)) + n(i) putational burden for practical receiver design. Conversely, the k=1 DF receiver with parallel interference cancellation (P-DF) [13] , whr M NL-1n() E1i).. Th() istecm lowed by a Viterbi decoder with branch metrics based on the Hamming distance.
Let us describe in this section the design of synchronous A. Successive Parallel Arbitrated DF Detection MMSE decision feedback detectors, as the one in Fig. 1 . The input to the hard decision device corresponding to the ith symbol is z(i) with K elements that provide an estimate of the desired symbol:
where b(i) = sgn[f(WHr(i))] is the vector with initial deci- the new scheme, shown in Fig. 2 , is to improve performance To describe the optimal MMSE filters we will assume imper-using parallel searches and to select the most likely symbol esfet isb, and consider the cost function: where the filters W and F can be S-DF or P-DF structures, and (10) lated successively and in reverse order relative to the first branch of the SPA-DF structure (a conventional S-DF). The resulting iterative receiver system is denoted ISPAS-DF when an S-DF where the chosen estimate is the value 4(i) that minimizes scheme is deployed in the second stage, whereas for P-DF filel (i) bk (i)-(i) and bhf)(i) forms the vector of final ters in the second stage the overall scheme is called ISPAP-DF.
The output of the second stage of the resulting scheme is: focus on the proposed SPA-DF receiver and the low complexei (i) = bj (i) -z1,j(i) forI1 > j (18) ity near-optimal ordering algorithm, and combine the SPA-DF ' bK1 (i) -;l,j(i) for l < j structure with iterative detection. An iterative receiver with hard-decision feedback is defined by:
Additional stages can be included, although our studies suggest that the gains in performance are marginal. Hence, the two-stage
scheme is adopted for the rest of this work. Fig. 4 . The results show that scheme, we adopt a simulation approach and conduct several the low complexity ordering algorithm achieves a performance experiments in order to verify the effectiveness of the proposed close to the optimal ordering, whilst keeping the complexity tecniqes.We carried out simulations to assess the BER per-reasonably low for practical utilization. Furthermore, the performance of the DF receivers for different loads, channel pro-formsathe S-f an the ne PA-DF dcetetr with ca be~nouted erom files, and signal to noise ratios (Eb/NO). The DS-CDMA sysfrsteSD n h -Fdtco.I a entdfo tem employs random generated spreading sequences of length the curves that the performance of the new SPA-DF improves N =16 and N =32, has perfect power control and use sta-as the number of parallel branches increases. In this regard, we tistically independent random channels with L~3, whose also notice that the gains of 
